Background: Previous studies have analyzed factors associated with renal infarction so that patients can be provided with earlier diagnosis and treatment. However, the factors associated with development of chronic kidney disease (CKD) following renal infarction are unknown.
Introduction
Renal infarction is a rare but potentially serious condition that is typically characterized by unilateral flank or abdominal pain, hematuria, and proteinuria. Diagnosis can be difficult because these and other signs and symptoms are non-specific and are often consistent with pyelonephritis, tumor, urolithiasis, and other conditions [1] . Diagnosis is best made by contrast-enhanced computed tomography (CT) and/or renal angiography. CT results typically indicate the presence of a wedge-shaped hypodense area in the peripheral region [2, 3] . Thrombosis, embolism, and arterial lesion are the main causes of renal infarction [4] .
Prompt initiation of therapy with an anti-coagulant and/or a thrombolytic agent is often the preferred treatment for renal infarction. Catheter-directed intra-arterial thrombolysis may also be effective [5] . However, such treatments are not effective in all patients, possibly due to delays in diagnosis [2] . Patients can recover from renal infarction, but some patients develop irreversible chronic kidney disease (CKD). Many previous case studies and case series have investigated factors associated with renal infarction in order to allow earlier diagnosis [3] [4] [5] [6] [7] [8] . However, the factors associated with development of CKD following renal infarction are not yet well-established.
In the present study, we identified factors associated with development of CKD following renal infarction by analysis of patients from a single institution in Taiwan who experienced renal infarction from 1999 to 2008.
Methods

Patient selection
All patients were admitted to the Emergency Department (ED) of Chang Gung Memorial Hospital (Taoyuan, Taiwan) from 1999 to 2008 due to a diagnosis of renal infarction based on enhanced computed tomography (CT). All patients received out-patient follow-up and had serum creatinine measured at admission. Variables were excluded if they were missing in more than 50% of patients, if all subjects had the same value, and if they were not numerically coded. Ultimately, 40 patients were enrolled. The Institutional Review Board of Chang Gung Memorial Hospital approved this retrospective study and the patients provided written informed consent.
Clinical and demographic data
Clinical and demographic data were obtained by retrospective chart review. Serum creatinine was measured by the Jaffe reaction with alkaline picrate. Prognostic scores were calculated upon ED admission (before treatment) based on APACHE II criteria [9] , SOFA criteria [10] , ASA criteria [11] , and SAPS II criteria [12] . These scores were readily available, and although they were not designed to predict the risk of CKD after RI, we investigated their potential use in this new context. CKD was diagnosed based on K/DOQI guidelines [13] and an estimated glomerular filtration rate (eGFR) less than 60 mL/min/1.73 m 2 at ER admission and 3 months after discharge. The eGFR was calculated by the Cockcroft and Gault formula, which was developed in 1976 [14] .
Data Analysis
Continuous variables are expressed as means 6 SDs if the distribution was normal and as medians with interquartile ranges (IQRs) if the distribution was non-normal. Categorical variables are expressed as frequencies and percentages. The difference in Table 1 . Baseline characteristics of study subjects admitted to the emergency department for renal infarction (n = 40). eGFR at two time points was assessed by a paired t-test. The differences in the presence of CKD in patients with different characteristics were assessed by a Chi-square test or Fisher's exact test, as appropriate. For identification of risk factors associated with CKD, the point estimates and 95% confidence intervals (CIs) of odds ratios (ORs) were calculated by univariate and multivariate logistic regression models. All significant variables in the univariate analysis were used for backward selection in the multivariate logistic regression model; variables that did not improve model fit for a p-value less than 0.1 were discarded, but potential confounding variables (age and gender) were forced into the model. All statistical analyses were performed with SAS software version 9.2 (SAS Institute Inc., Cary, NC). A two-tailed p-value less than 0.05 was considered statistically significant.
Results
Baseline characteristics of study subjects
A total of 40 patients (29 males [72.5%] and 11 females [27.5%]) who were admitted to our ED for renal infarction, all of whom had eGFR measurements at admission and at 3-12 months after discharge, were included in the analysis ( Table 1 ). The mean patient age was 53.18615.10 years and the age range was 20 to 78 years. One patient (2.5%) had a previous renal infarction. The most common medications were aspirin (35%) and warfarin (15%). The median (IQR) duration of symptoms/signs before admission was 24.0 h (12.0-84.0). The most common symptoms were abdominal pain (85%) and flank pain (42.5%). Eighteen patients (45%) had an embolism in the heart or other region. The median (IQR) of the APACHE II, SOFA, ASA, and SAPS II scores were 7.0 (4.0-10.0), 1.0 (0.0-2.0), 2.0 (1.0-3.0), and 15.0 (13.0-19.0), respectively. Based on a Kruskal-Wallis test, the distributions of ICU prognostic scores (APACHE II, SOFA, ASA, and SAPS II) did not differ significantly among patients with different etiologies (cardiac or other embolism, n = 18; thrombosis or coagulation dysfunction, n = 16; renal artery dissection, n = 1; idiopathic disease, n = 5).
eGFR at admission and 3 to 12 months after discharge
The eGFRs of all enrolled patients were measured at admission and 3 to 12 months after discharge (Table 2) . Eleven patients were evaluated at month-3, 2 at month-6, 6 at month-9, and 21 at month-12 (mean duration: 8.863.9 months after discharge) ( Figure 1) . The results indicate slightly higher mean eGFR after discharge than at admission (66.7631.0 vs. 70.5628.5 mL/min/ 1.73 m 2 , p = 0.035), but no significant change in Cr.
Factors associated with development of chronic kidney disease
A total of 13 patients (32.5%) developed CKD at the last followup. Table 3 shows a univariate analysis of risk factors associated with development of CKD. These results indicate significantly increased risk of CKD in patients with the following characteristics: older than 50 years (50.0% vs. 11.1%, p = 0.009), symptoms for 24 h or less before admission (45.8% vs. 12.5%, p = 0.027), lower eGFR at admission (per 1 mL/min/1.73 m 2 , OR = 0.74, 95% CI: 0.56-0.98, p = 0.034), APACHE II score greater than 7 (50.0% vs. 18.2%, p = 0.033), SOFA score greater than 1 (90.9% vs. 10.3%, p,0.001), ASA score greater than 2 (71.4% vs. 11.5%, p,0.001), and SAPS II score greater than 15 (57.9% vs. 9.5%, p = 0.001).
The final multivariate model was chosen with backward selection for variables that were significant in the univariate analysis. Variables that did not improve model fit (p,0.1) were discarded, except for age and gender, which were forced in the Figure 1 . Changes in eGFR for (A) all patients (n = 40), and those evaluated at (B) 3 months after discharge (n = 11), (C) 6 months after discharge (n = 2), (D) 9 months after discharge (n = 6), and (E) 12 months after discharge (n = 21). doi:10.1371/journal.pone.0098880.g001 Table 2 . Mean (6SD) eGFR and Cr of patients at admission and at 3 to 12 months after discharge (n = 40). (Table 4) . The results of this analysis indicated that only SOFA score greater than 1 was significantly and independently associated with CKD at follow-up (adjusted OR = 75.60, 95% CI: 5.62-1016.99, p = 0.001). In addition, previous hypertension and diabetes mellitus were not significantly associated with CKD (data not shown).
Discussion
We examined the records of 40 patients who were admitted to the ED of Chang Gung Memorial Hospital from 1999 to 2008 with a diagnosis of renal infarction based on enhanced contrast CT. Measurements indicate slightly higher eGFR after discharge than at admission, suggesting a slight improvement in renal function after discharge. A total of 13 patients (32.5%) with renal infarction were diagnosed with CKD after discharge. Univariate analysis indicated that numerous factors were significantly associated with CKD (age .50 years, symptoms for 24 h or less before admission, low eGFR at admission, APACHE II score greater than 7, SOFA score greater than 1, ASA score greater than 2, and SAPS II score greater than 15. However, multivariate analysis indicated that only SOFA score greater than 1 was significantly and independently associated with a diagnosis of CKD. Although the SOFA score was not designed to predict the risk of CKD after RI, our results suggest a potential new use for this parameter. It may seem somewhat surprising that our multivariate analysis indicated that SOFA score was independently associated with development of CKD, but that the APACHE II, SAPS II, and ASA scores were not. The SOFA score is an indicator of organ dysfunction and morbidity that was originally developed to assess organ dysfunction in patients with sepsis, but has been validated for assessment of organ dysfunction in general. Although SOFA score is associated with mortality, the APACHE II, SAPS II, and ASA scores place greater emphasis on prediction of mortality. The authors designed the SOFA system with an emphasis on bedside applicability and simplicity based on commonly available variables. These prognostic metrics are widely used to predict outcomes of patients admitted to intensive care units (ICUs) [15] . Although a patient's individual prognostic score is not dispositive, it is often considered in guiding individual treatment decisions and in the distribution of limited medical resources [16] . Moreover, APACHE II, SAPS II, and ASA scores are often more suitable for characterization of patients with diseases that are imminently lifethreatening, or the level of anaesthetic risk. Although renal infarction and CKD are serious conditions, appropriate clinical management allows patients to survive.
Our analysis indicated that the post-discharge eGFR was significantly higher than the eGFR at admission. However, it seems doubtful whether this small increase (3.8611.1 mL/min/ 1.73 m 2 ) was clinically significant. Nonetheless, these results indicate an improvement in kidney function, so this result is not surprising [17] . We find it encouraging that the SOFA score is the best predictor of CKD, because this score only requires measurement of 6 parameters (respiratory, cardiovascular, central nervous system, renal, coagulation, and liver). The APACHE II requires measurement of 34 variables and SAPS II requires measurement of 12 variables. We suggest that future studies of the development of CKD in patients admitted with RI consider use of the SOFA score to guide patient follow-up.
Our study had several limitations. First, our sample size was relatively small and all patients were from a single institution. Second, all patients were admitted to the ED and exclusion of outpatients with renal infarction may have provided a biased view of factors associated with development of CKD.
Conclusions
Our retrospective study of patients admitted to a single ED with renal infarction indicated that 32.5% of patients developed CKD within 3 months of discharge. Elevation of serum creatinine at admission and a SOFA score greater than 1? was the factor significantly and independently associated with development of CKD at follow-up. 
